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NATIONAL  DAM  INSPECTION 
PROGRAM 


PHASE  I  INSPECTION  REPORT 
BRIEF  ASSESSMENT 

Identification  No.:  MA00619 
Name  of  Dam:  Holden  Reservoir  No.  2 
Town:  Holden 

County  and  State:  Worcester  County,  Massachusetts 

Stream:  Tatnuck  Brook  -  Tributary  of  the  Blackstone 
River 

Date  of  Inspection:  September  13,  1978 


The  dam  at  Holden  Reservoir  No.  2  is  an  earth- 
fill  dam  with  a  rubble  masonry  core  and  a  cutoff  trench 
in  bedrock.  The  dam  was  constructed  about  1900  for  a 
water  supply  reservoir  by  the  City  of  Worcester.  The 
dam  is  about  530  feet  long  and  ^8  feet  high  above  the 
original  streambed.  The  spillway  is  a  iJO-foot-long, 
ungated  ogee  weir  with  a  stilling  basin.  The  spillway, 
which  is  located  at  the  east  abutment  of  the  dam,  has 
a  crest  elevation  (El)  of  718.0.  The  outlet  conduit  is 
a  30-inch  diameter,  cast-iron  pipe.  Discharge  from  the 
outlet  conduit  is  to  a  stilling  basin  at  the  bottom  of 
the  spillway  channel.  The  controls  for  the  outlet  and 
for  two  30-inch  intakes  are  located  in  the  gate  house 
located  upstream  of  the  dam,  in  the  reservoir.  The 
water  from  the  reservoir  is  chlorinated  at  the  chlorina 
tlon  building  and  pump  station  located  downstream  of 
the  dam. 


There  are  deficiencies  which  must  be  corrected 
to  assure  the  continued  performance  of  this  dam.  This 
conclusion  is  based  on  the  visual  inspection  at  the 
site,  available  engineering  data,  and  review  of  operat¬ 
ing  and  maintenance  procedures.  Generally,  the  dam  is 
in  good  condition.  According  to  the  Corps  of  Engineers 
guidelines  for  the  classification  of  hazard  potential, 
the  dam  has  been  placed  in  the  '’significant”  hazard 
category. 
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The  following  are  visible  signs  of  distress 
which  may  indicate  a  potential  hazard  at  the  site: 
cracked  and  missing  mortar  in  the  walls  of  the  spillway 
channel;  cracking  and  slumping  of  grouted  riprap  near 
the  gate  house;  settlement  cracks  in  the  vicinity  of 
the  central  pier  of  the  spillway  bridge;  efflorescence 
in  the  walls  and  in  the  stone  bridge  over  the  spillway; 
deterioration  of  the  granite  ogee  weir;  accumulation  of 
soil  and  rock  in  the  stilling  basin;  dense  growth  of 
vegetation  in  the  downstream  channel;  and  numerous 
animal  burrows  in  the  downstream  face  of  the  dam. 

Hydraulic  analyses  indicate  that  the  spillway 
can  discharge  a  flow  of  1,830  cfs  (cubic  feet  per 
second)  with  the  reservoir  surface  at  El  724,  which  is 
the  average  elevation  of  the  crest  of  the  dam.  An 
outflow  test  flood  of  4,220  cfs  (one-half  the  probable 
maximum  flood  (PMF))  at  water  surface  El  724.2  will 
overtop  the  dam.  The  spillway  can  discharge  43  percent 
of  the  test  outflow. 

It  is  recommended  that  the  Owner  employ  the  ser¬ 
vices  of  a  qualified  consultant  to  conduct  a  more 
detailed  hydrologic  and  hydraulic  study  for  this  site; 
evaluate  the  capacity  of  the  spillway;  and  design 
repairs  for  the  spillway  and  training  walls.  In  addi¬ 
tion  the  Owner  should  accomplish  the  following:  repair 
the  stone  training  wall  and  concrete  floor  of  the  spill¬ 
way  and  channel;  repair  the  bridge  above  the  spillway; 
clear  the  accumulated  soil  in  the  stilling  basin;  clear 
the  downstream  channel;  and  fill  in  the  animal  burrows. 
The  Owner  should  continue  the  program  of  maintenance 
inspections . 

Repair  of  the  spillway  and  training  walls  should 
be  undertaken  by  the  Owner  within  a  year  of  receipt  of 
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this  Phase  I  Inspection  Report.  The  remaining  work 
should  be  implemented  within  two  years.  An  alternative 
to  these  recommendations  would  be  to  lower  the  water 
level  in  the  reservoir. 
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This  Phase  I  Inspection  Report  on  Holden  Reser- 
i  voir  No.  2  Dan  has  been  reviewed  by  the  undersigned 
{  Review  Board  nenbers.  In  our  opinion,  the  reported 
findings,  conclusions,  and  recommendations  are  consis¬ 
tent  with  the  Recommended  Guidelines  for  Safety 
{  Inspection  of  Lams,  and  with  good  engineering 

and  practice,  and  is  hereby  submitted  for  approval. 
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RICHARD  F .DOHERTY ,  MEMBER  Xj 
Water  Control  Branch 
-  Engineering  Division 


Design  Branch 


Chief.  NED  Materials  Testing  Lab. 
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Engineering  Division 


APPROVAL  RECOMMENDED : 
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Chief ,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained 
in  Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  tor  a  Phase  I  Investigation.  Copies  of  these 
guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.  C.  20311*.  The  purpose  of  a 
Phase  I  Investigation  is  to  identify  expeditiously  those 
dams  which  may  pose  hazards  to  human  life  or  property. 
The  assessment  of  the  general  condition  of  the  dam  is 
based  upon  available  data  and  visual  inspections.  De¬ 
tailed  Investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and  detail¬ 
ed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized 
that  the  reported  condition  of  the  dam  is  based  on 
observations  of  field  conditions  at  the  time  of  inspec¬ 
tion  along  with  data  available  to  the  inspection  team. 

In  cases  where  the  reservoir  was  lowered  or  drained 
prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal 
load  on  the  structure  and  may  obscure  certain  condi¬ 
tions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  struc¬ 
ture. 


It  is  important  to  note  that  the  condition  of  a 
dam  depends  on  numerous  and  constantly  changing  inter¬ 
nal  and  external  conditions,  and  is  evolutionary  in 
nature.  It  would  be  incorrect  to  assume  that  the  pre¬ 
sent  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be 
any  chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide 
detailed  hydrology  and  hydraulic  analyses.  In  accor¬ 
dance  with  the  established  Guidelines,  the  Spillway 
Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible 
storm  runoff),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding 
that  a  spillway  will  not  pass  the  test  flood  should  not 
be  interpreted  as  necessarily  posing  a  highly  inade¬ 
quate  condition.  The  test  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  conditions  and  the  downstream  damage  potential. 
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NATIONAL  DAM  INSPECTION 
PROGRAM 

PHASE  I  INSPECTION  REPORT 


HOLDEN  RESERVOIR  NO.  2  DAM 
SECTION  1 

PROJECT  INFORMATION 


1.1  General 


Authority.  Public  Law  92-367*  August  8, 

1 9 72 ,  author 1 zed  the  Secretary  of  the  Army, 
through  the  Corps  of  Engineers,  to  Initiate  a 
national  program  of  dam  inspection  throughout 
the  United  States.  The  New  England  Division 
of  the  Corps  of  Engineers  has  been  assigned 
the  responsibility  of  supervising  the 
inspection  of  dams  within  the  New  England 
Region.  Metcalf  &  Eddy,  Inc.  has  been 
retained  by  the  New  England  Division  to 
inspect  and  report  on  selected  dams  in  the 
State  of  Massachusetts.  Authorization  and 
notice  to  proceed  was  issued  to  Metcalf  & 
Eddy,  Inc.  under  a  letter  of  July  28,  1978, 
from  Ralph  T.  Garver,  Colonel,  Corps  of 
Engineers.  Contract  No.  DACW  33-78-C-0306 
has  been  assigned  by  the  Corps  of  Engineers 
for  this  work. 

Purpose 

(1)  Perform  technical  inspection  and  evalua¬ 
tion  of  non-Federal  dams  to  identify 
conditions  which  threaten  the  public 
safety  and  thus  permit  correction  in  a 
timely  manner  by  non-Federal  interests. 

(2)  Encourage  and  assist  the  States  to  ini¬ 
tiate  quickly  effective  dam  safety  pro¬ 
grams  for  non-Federal  dams. 

(3)  Update,  verify  and  complete  the  National 
Inventory  of  Dams. 
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b.  Description  of  Dam  and  Appurtenances.  Holden 
Reservoir  too.  i  bam  Is  an  earthen 1  dam  530 
fee t  long  and  48  feet  high  (see  Figures  B-l, 
B-2,  and  B-3).  The  crest  of  the  dam  is  24 
feet  wide  and  covered  with  grass.  The  eleva¬ 
tion  of  the  crest  varies  from  722.8  on  the 
upstream  side  to  724.2  on  the  downstream 
side.  The  dam  ties  Into  natural  ground  at 
the  abutments.  The  embankment  is  constructed 
with  a  rubble  masonry  core  and  puddled  fill 
on  either  side.  The  core  wall  extends  about 
5  feet  Into  bedr'.ck  for  most  of  the  dam.  The 
upstream  and  downstream  sides  of  the  embank¬ 
ment  are  constructed  of  selected  materials 
with  side  slopes  of  2:1  (horizontal  to  verti¬ 
cal).  The  upstream  face  of  the  dam  Is  pro¬ 
tected  with  riprap.  The  downstream  area  of 
the  dam  face  was  used  as  a  spoil  bank  during 
dam  construction.  The  access  road  to  the  dam 
and  to  the  east  side  of  the  reservoir  Is  on 
the  spoil  bank.  The  bank  is  covered  with 
grass,  and  there  is  a  row  of  trees  growing 
along  the  south  side  of  the  road.  The  toe  of 
the  downstream  slope  is  approximately  at  the 
tree  line. 


The  spillway  is  an  ogee  weir  located  at  the 
left  (east)  abutment.  Figure  B-~  4ndlcates  a 
cutoff  wall  into  the  bedrock  up vv ream  of  the 
v/elr.  The  approach  to  the  weir  Is  paved  with 
placed  stone  and  bounded  by  6-foot  high 
mortared  stone  masonry  training  walls  capped 
with  granite  slabs.  The  ogee  section  of  the 
spillway  Is  made  of  five  granite  blocks.  Up¬ 
stream  and  downstrean  of  the  weir,  the  floor 
of  the  spillway  Is  paved  with  concrete.  The 
crest  of  the  granite  weir,  which  is  at  El 
718.0,  is  less  than  1  foot  above  the  concrete 
floor.  The  weir  Is  40  feet  long.  Flash- 
boards  can  be  added  to  the  weir,  as  evidenced 
by  the  10  holes  drilled  into  the  granite  for 
pins.  When  not  in  use,  the  flashboards  are 
stored  in  the  gate  house  at  the  dam. 
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The  channel  downstream  of  the  ogee  weir  is 
also  paved  with  concrete  and  bounded  by 
mortared  masonry  side  walls.  At  approxi¬ 
mately  35  feet  below  the  weir,  a  mortared 
stone  masonry  bridge  spans  the  channel  in  two 
archways  separated  by  a  central  pier.  Each 
archway  is  18  feet  long  and  the  bridge  is  15 
feet  wide,  upstream  to  downstream  side.  The 
channel  slopes  down  as  it  passes  underneath 
the  bridge.  At  the  upstream  side,  the  maxi¬ 
mum  height  from  the  floor  of  the  channel  to 
the  crown  of  each  arch  is  4.3  feet.  At  the 
downstream  side,  this  height  increases  to  7.4 
feet . 

About  80  feet  below  the  weir,  the  side  walls 
curve  inward,  reducing  the  width  of  the 
channel  to  13.3  feet.  The  concrete  channel 
slopes  at  about  6  percent  and  ends  180  feet 
below  this  point  in  a  flat-bottomed  stilling 
basin  24  feet  long.  The  upstream  end  of  the 
basin  is  26  feet  wide  and,  according  to 
Figure  B— 1 ,  there  is  a  second  cutoff  wall 
there.  The  basin  drops  vertically  about  2.5 
feet  below  the  floor  of  the  channel.  The 
downstream  end  is  a  curved  mortared  masonry 
wall.  Water  overflowing  the  basin  flows  down 
a  stepped  stone  cascade  weir  on  the  down¬ 
stream  side  of  the  wall  and  into  a  second  con¬ 
crete  paved  channel.  This  channel  is  bounded 
by  a  high  mortared  stone  masonry  retaining 
wall  on  the  right  and  by  the  natural  slope  on 
the  left  side.  The  concrete  pavement  ends  at 
about  70  feet  from  the  cascade  and  the  stream 
channel  continues  downstream  bounded  by  a  dry 
stone  masonry  retaining  wall  on  the  right. 

The  outlet  works  at  Holden  Reservoir  No.  2 
include  two  30-inch  diameter  water  supply 
intakes  and  a  30-inch  diameter  low-level 
outlet  for  draining  the  reservoir.  Flow 
through  each  conduit  is  controlled  by  hand- 
operated  sluice  gates  located  inside  a  gate 
house.  The  gate  house  has  a  brick  super¬ 
structure  on  a  granite  block  foundation  and 
is  located  in  the  reservoir.  Access  to  the 
gate  house  from  the  dam  is  by  a  single  span 
steel  service  bridge  with  a  deck  of  wood 
planks.  The  bridge  is  secured  into  the 
granite  abutments  with  anchor  bolts. 
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The  inlet  to  the  low-level  outlet  is  sub¬ 
merged  in  the  reservoir.  The  pipe  is  a  total 
of  6l7  feet  long,  and  according  to  the 
drawing  (Figure  B-l),  the  intake  extends  100 
feet  into  the  reservoir  and  the  outlet  dis¬ 
charges  into  the  stilling  basin  at  El  670.2. 
The  two  water  supply  conduits  originate  in  a 
screened  intake  well  beneath  the  gate  house. 
The  pipes  are  in  the  same  rubble  bedding  in 
the  bedrock  as  the  outlet  pipe,  at  El  680.0 
(see  Figure  B-3).  Seepage  collars  extend 
from  the  bedding  up  into  the  embankment  fill. 

The  30-inch  supply  pipes  change  to  ^0-inch 
pipes  beneath  the  access  road.  There  is  a 
lower  brick  gate  house  at  the  toe  of  the  dam, 
adjacent  to  the  stilling  basin.  This  houses 
the  valve  which  controls  flow  from  the 
iJO-inch  lines  to  the  chlorination  building 
downstream. 

A  fourth  30-inch  pipe  serves  as  a  direct  con¬ 
nection  from  Holden  Reservoir  No.  1  (upstream 
of  Holden  Reservoir  No.  2)  to  the  chlorin- 
ators  and  pumping  stations  downstream.  This 
pipe  passes  beneath  the  dam  on  the  right  side 
of  the  gate  house. 

Size  Classification.  The  dam  at  Holden  Reser- 
voir  No.  2  is  classified  in  the  "interme¬ 
diate”  category  since  it  is  ^8  feet  high, 
with  a  maximum  storage  capacity  of  1,091 
acre-feet. 

Hazard  Classification.  Holden  Reservoir  No. 

2  is  situated  in  a  sparsely  developed  rural 
area  northwest  of  the  City  of  Worcester. 
Failure  of  the  dam  would  result  in  flooding 
in  the  Tatnuck  Brook  valley,  which  is  mostly 
woodland,  and  possible  damage  to  the 
Worcester  pumping  and  chlorination  stations 
located  downstream.  The  residences  closest 
to  Tatnuck  Brook  on  Olean  Street  are  at  least 
2,600  feet  downstream  of  the  dam,  and  are 
about  5  feet  above  the  present  stream  bed. 

The  damaging  effect  of  a  flood  wave  could 
effect  no  more  than  two  residences  in  this 
area.  For  this  reason,  the  dam  has  been 
placed  in  the  "significant"  hazard  category. 
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Ownership .  The  reservoir  and  dam  are  owned 
by  the  Department  of  Public  Works  Operations- 
Water,  City  of  Worcester,  20  East  Worcester 
Street,  Worcester,  Massachusetts.  Mr. 

Kenneth  Starbard,  Supervisor  of  Water  Supply 
(telephone:  6l7-829-'48ll)  granted  permission 
to  enter  the  property  and  inspect  the  dam. 

Operator.  The  Supervisor  of  Water  Supply  and 
his  staff  operate  the  outlets  at  the  dam,  as 
well  as  the  pumping  station  appurtenant  to 
the  water  supply  system. 

Purpose  of  Dam.  The  purpose  of  the  dam  is  to 
provide  storage  for  the  City  of  Worcester 
water  supply.  Holden  Reservoir  No.  2  is  the 
distributing  reservoir  in  the  low  service 
supply  system.  The  four  other  reservoirs  in 
the  system  are  Quinapoxet,  Pine  Hill,  Kendall 
and  Holden  Reservoir  No.  1,  all  located  in 
the  Town  of  Holden. 

Design  and  Construction  History.  The  only 
plans  available  for  this  dam  are  dated  May  8, 
1900.  The  dam,  which  was  presumably  built 
soon  after  that,  is  the  oldest  dam  in  the  low 
service  system.  Generally  the  dam  has 
remained  in  good  condition  since  its  construc¬ 
tion.  An  inspection  report  prepared  in  19^2 
by  Worcester  County  refers  to  ’’slight  seepage 
at  the  foot  of  the  structure”  with  no  further 
explanation.  There  is  no  mention  of  seepage 
or  leaking  in  subsequent  reports.  A  I960 
report  stated  that  the  spillway  was  in  good 
condition  and  a  minor  crack  in  the  ’’south” 
wall  was  not  a  dangerous  situation.  However, 
the  inspector  did  recommend  that  the  masonry 
walls  be  repointed.  It  was  also  recommended 
that  all  the  mortar  be  removed  from  the  rip¬ 
rap  and  replaced  by  rich  concrete  grout. 

Normal  Operational  Procedures.  Water  from 
Holden  Reservoir  No.  2  enters  the  chlorina¬ 
tion  station  downstream  of  the  dam,  on  Olean 
Street,  and  then  the  distribution  system 
serving  the  City  of  Worcester.  The  operating 
procedure  at  this  site  is  to  retain  the  maxi¬ 
mum  possible  storage  in  Holden  Reservoir  No.  2 
in  order  to  maintain  the  maximum  pressure 
possible  in  the  City  system. 


HOLDEN  RESERVOIR  NO.  2  DAM 


i 


Twenty-inch  high  flashboards  are  usually 
added  to  the  weir  in  the  springtime,  after 
the  ice  melts.  These  are  removed  once  the 
water  level  is  below  the  crest. 

1.3  Pertinent  Data 

a.  Drainage  Area.  The  drainage  area  contribut- 
ing  directly to  Holden  Reservoir  is  approxi¬ 
mately  3*258  acres  (5.09  square  miles).  It 
Includes  sparsely  developed,  hilly  woodlands 
with  average  slopes  estimated  at  6  percent. 
Residential  development  is  limited  to  the 
vicinity  of  South  Road  at  the  north  end  of 
the  basin.  The  entire  watershed  area  is 
controlled  by  the  Worcester  Department  of 
Public  Works,  Silver  Spring  Brook,  Scott 
Brook,  Wadsworth  Brook  and  Tatnuck  Brook  all 
discharge  directly  into  Holden  Reservoir  No. 

1,  which  drains  by  open  channel  and  by 
pipeline  Into  Holden  Reservoir  No.  2.  Water 
from  Quinapoxet,  Pine  Hill,  and  Kendall  Reser¬ 
voirs,  which  are  in  a  different  watershed.  Is 
diverted  to  Holden  No.  1  and  No.  2  reser¬ 
voirs. 

b.  Discharge  at  the  Dam  Site.  Normal  discharge 
Is  over  the  ungated  spillway.  The  spillway 
Is  HO  feet  long,  with  the  crest  at  El  718.0. 
Water  flows  down  the  250-foot  long  concrete 
and  mortared  masonry  channel  into  a  flat- 
bottom  stilling  pool.  The  pool  extends  about 
24  feet.  At  the  downstream  end,  water  flows 
over  the  curved  stone  masonry  wall  and  down  a 
stepped  stone  cascade  into  a  second  concrete 
channel.  This  channel,  which  Is  bounded  on 
the  west  (right)  by  a  high  masonry  retaining 
wall,  ends  about  70  feet  below  the  stilling 
basin.  The  natural  stream  channel  then 
passes  through  an  area  with  trees  and  brush 
to  a  small  pool  and  control  dam.  The  stream 
Joins  Tatnuck  Brook  about  600  feet  below  this 
pool. 

The  spillway  can  discharge  an  estimated  1,830 
cfs  with  the  water  surface  at  El  724.0,  which 
is  the  average  elevation  of  the  --.rest  of  the 
dam.  An  outflow  test  flood  of  4,220  cfs 
would  overtop  the  dam  by  about  1.2  feet. 
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With  the  reservoir  at  the  same  elevation  as 
the  crest  of  the  dam,  the  spillway  will  dis¬ 
charge  M3  percent  of  the  test  outflow. 

Daily  weir  readings  for  Holden  Reservoir  No. 

2  are  available  at  the  Worcester  DPW  offices. 
Those  records  indicate  that  the  dam  was  not 
overtopped  during  the  1938  or  1955  floods. 

Elevation  (feet  above  Mean  Sea  Level  (MSL)). 
the  elevation  of  the  crest  of  the  spillway 
was  established  as  a  benchmark  at  El.  718.0. 
This  elevation  was  estimated  from  a  U.  S. 
Geological  Survey  topographic  map. 

(1)  Top  dam:  722.8  on  upstream  side, 

72^.2  on  downstream  side 

(2)  Test  flood  pool:  725.2 

(3)  Design  surcharge  (original  design): 
Unknown 

(M)  Full  flood  control  pool:  Not  applicable 
(N/A) 

(5)  Recreation  pool:  N/A 

(6)  Spillway  crest:  718.0 

(7)  Upstream  portal  invert  diversion  tunnel: 
N/A 

(8)  Stream  bed  at  dam  (original  stream  bed): 
675.8 

(9)  Maximum  tailwater:  None 
Reservoir 


(1)  Length  of  maximum  pool:  2,500  feet 

(2)  Length  of  recreation  pool:  N/A 

(3)  Length  of  flood  control  pool:  N/A 
Storage  (acre- feet) 


(1)  Test  flood  surcharge  (Net):  350  at  El 
725.2 
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(2)  Top  of  dam:  1,091 

(3)  Flood  control  pool:  N/A 

(4)  Recreation  pool:  N/A 

(5)  Spillway  crest:  797  (without 
flashboards) 

f .  Reservo lr  Surf a c e  (acres) 

*(1)  Top  dam:  49 

*(2)  Maximum  pool:  49 

(3)  Flood-control  pool:  N/A 

(4)  Recreation  pool:  N/A 

(5)  Spillway  crest:  49 

g.  Dam 

(1)  Type:  earthfill 

(2)  Length:  530  feet 

(3)  Height:  48  feet 

(4)  Top  width:  24  feet 

(5)  Side  slopes:  Upstream:  2:1 

Downstream:  2:1 

(6)  Zoning:  Rubble  core,  puddled  fill,  and 
selected  fill 

(7)  Impervious  core:  Rubble  core 

(8)  Cutoff:  Rubble  core  keyed  into  bedrock 

(9)  Grout  curtain:  Unknown 


'Based  on  the  assumption  that  the  surface  area  will 
not  significantly  increase  with  changes  in  reservoir 
eleva-tion  from  718.0  to  724.0. 
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(1)  Type:  Ogee  weir  -  provisions  for 
20-inch  high  flashboards 

(2)  Length  of  weir:  40  feet 

(3)  Crest  elevation:  718 

(4)  Gates:  None 

(5)  Upstream  channel:  Mortared  stone  pave¬ 
ment,  then  concrete  slab.  Mortared 
stone  masonry  training  walls,  capped 
with  granite 

(6)  Downstream  channel:  Concrete  channel 
with  vertical  mortared  stone  masonry 
walls;  maximum  40  feet  wide,  3  feet 
deep.  Channel  is  250  feet  long,  ends  in 
concrete  stilling  basin.  Beyond  basin, 
concrete  paved  channel  changes  to 
natural  stream  channel  bounded  on  the 
right  by  a  dry  stone  masonry  retaining 
wall . 

Regulating  Outlets.  The  regulating  outlet  at 
the  dam  Is  a  30-inch  diameter  cast-iron  pipe. 
The  pipe  is  shown  on  the  drawing  (Figure  B-l) 
to  be  617  feet  long,  with  the  invert  at  El 
680.0.  The  inlet  to  the  conduit  is  located 
on  the  bottom  of  the  reservoir.  The  outlet 
is  shown  at  the  right  sidewall  of  the  still¬ 
ing  basin.  Flow  is  controlled  by  a  sluice 
gate  in  the  gate  house,  upstream  of  the  dam. 
The  gate  is  operated  by  a  handwheel  inside 
the  gate  house.  Hydraulic  calculations 
indicate  that  the  outlet  has  the  capacity  to 
discharge  100.4  cfs. 
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SECTION  2 


ENGINEERING  DATA 


2.1  General .  Three  plans  are  available  of  the  dam  at 
Holden  Reservoir  No.  2.  These  plans  are  dated 
May  8,  1900  and  show  the  embankment,  spillway  and 
outlet  conduits.  There  are  no  specifications  or 
computations  available  from  the  Owner,  State,  or 
County  offices  relative  to  the  design  and  con¬ 
struction  of  the  dam.  The  remaining  data  avail¬ 
able  for  this  evaluation  were  visual  observations 
made  during  the  inspection,  review  of  previous 
inspection  reports,  and  conversations  with  City, 
State,  and  County  personnel. 

We  acknowledge  the  assistance  and  cooperation  of 
personnel  of  the  Massachusetts  Department  of 
Public  Works:  Messrs.  Willis  Regan  and  Raymond 
Rochford,  and  of  the  Massachusetts  Department  of 
Environmental  Quality  Engineering,  Division  of 
Waterways:  Messrs.  John  J.  Hannon  and  Joseph 
lagallo. 

Also,  we  acknowledge  the  cooperation  and  assis¬ 
tance  of  personnel  from  the  Worcester  County 
Engineer's  Office:  Messrs.  John  O'Toole,  Joseph 
Brazauskas,  and  Mr.  Wallace  Lindquist  -  recently 
retired  from  county  service. 

Mr.  Kenneth  Starbard,  and  personnel  from  the 
Worcester  Department  of  Public  Works  Operations- 
Water,  provided  information  on  the  construction, 
history,  and  operation  of  the  dam. 

2.2  Construction  Records.  There  are  no  construction 
records  available. 

2.3  Operating  Records .  Operating  records  for  the 
entire  water  supply  system  are  kept  at  the  Depart 
ment  of  Public  Works  office  in  Worcester.  These 
are  daily  reports  of  rainfall,  water  level, 
storage  volume,  and  depth  of  flov;  over  weir. 

2.M  Evaluation 


a.  Availability.  Other  than  hydrologic  and 
hydraulic  data  referred  to  in  Section  2.3, 
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there  is  very  little  engineering  data 
available  for  this  dam.  The  Department  of 
Public  Works  file  is  incomplete. 

Adequacy.  The  lack  of  in-depth  engineering 
data  did  not  allow  for  a  definitive  review. 
Therefore  the  adequacy  of  this  dam  could  not 
be  assessed  from  the  standpoint  of  reviewing 
design  and  construction  data,  but  is  based 
primarily  on  visual  inspection,  past  perfor¬ 
mance  history  and  engineering  Judgment. 

Validity.  The  available  information  is  con¬ 
sidered  valid. 
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SECTION  3 
VISUAL  INSPECTION 


Findings 

a.  General .  The  Phase  I  Inspection  of  the  dam 
at  Holden  Reservoir  No.  2  was  performed  on 
September  13*  1978.  A  copy  of  the  inspec¬ 
tion  checklist  Is  in  Appendix  A.  Previous 
inspections  of  this  dam  have  been  made  by 
others  since  1924.  A  partial  listing  of 
these  inspections  is  in  Appendix  B.  A  copy 
of  the  1973  inspection  report  by  the  Massa¬ 
chusetts  Department  of  Public  Works  is  also 
included  in  Appendix  B. 

b.  Dam.  The  earth  embankment  of  the  dam  is  in 
generally  good  condition.  The  crest  and  down 
stream  slope  are  clear  of  brush  and  trees. 
Numerous  animal  burrows  were  observed  at  the 
downstream  toe  of  the  dam,  in  the  spoil  bank 
area.  The  grouted  riprap  on  the  upstream 
slope  is  in  fair  condition.  Some  of  the 
riprap  is  missing  and  there  are  weeds  growing 
through  cracks  in  the  grout.  The  condition 
of  the  riprap  is  poorest  in  the  vicinity  on 
the  service  bridge  to  the  gate  house.  Here, 
settlement  and  slumping  of  the  slope  is 
evident  by  the  large  cracks  in  the  grout, 
parallel  to  the  axis  of  the  dam. 

c.  Appurtenant  Structures.  The  spillway  is  in 
good  to  fair  condition.  Stone  walls  in  the 
approach  and  downstream  channel  show  a  signi¬ 
ficant  amount  of  efflorescence.  Some  mortar 
is  missing  between  the  stones.  The  floor  of 
the  approach  channel  has  some  weeds  growing 
up  through  cracks  In  the  mortar.  The  con¬ 
crete  slabs  on  the  floor  of  the  channel  are 
in  fair  condition.  Some  of  the  slabs  are 
cracked.  Weeds  are  generally  growing  in  the 
construction  joints  and  at  the  base  of  the 
sidewalls . 

The  granite  ogee  weir  is  showing  signs  of 
deterioration.  One  secton  of  the  weir  has 
been  patched  with  mortar  that  is  beginning 
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to  spall.  Elsewhere  the  granite  has  been 
chipped  at  the  crest.  The  weir  is  stained 
with  rust  from  the  flashboard  pins. 

The  bridge  over  the  spillway  shows  heavy 
efflorescence,  particularly  under  the  arch¬ 
ways.  The  mortar  is  crumbling  between  the 
stones  and  often  missing  altogether  in  some 
placed.  Settlement  of  the  central  pier  is 
evident  by  the  diagonal  cracks  appearing  on 
the  upstream  face  of  the  bridge  and  by  other 
cracks  in  the  concrete  floor  around  the  pier. 
There  is  another  large  crack  in  the  mortar  on 
the  downstream  face  of  the  bridge,  at  the 
right  spillway  wall.  The  decorative  capwall 
on  the  bridge  has  been  displaced  on  the  up¬ 
stream  side.  An  entire  section  of  this  wall 
was  knocked  off  the  downstream  side  by  a 
/ehicle.  Pieces  of  the  wall  are  still  lying 
on  the  floor  of  the  downstream  channel. 

There  are  areas  of  erosion  on  the  earth 
slopes  at  the  bridge  abutments. 

The  basin  at  the  toe  of  the  spillway  channel 
shows  an  accumulation  of  soil  and  rocks,  par¬ 
ticularly  at  the  upstream  end.  There  is  a 
6-inch  diameter  cast-iron  pipe  extending 
through  the  cascade  weir  from  the  basin. 

There  was  no  flow  in  this  pipe,  and  its  func¬ 
tion  is  unknown.  There  is  a  30-inch  diameter 
opening  in  the  right  side  wall,  below  the  cas¬ 
cade.  This  would  appear  to  be  the  outlet  for 
the  low-level  conduit,  but  the  pipe  is 
blocked  off  about  5  feet  back  into  the  wall. 

Trees  overhang  the  natural  stream  channel, 
and  weeds  are  growing  on  the  floor  below  the 
basin  and  lower  concrete  channel. 

The  gate  house  in  the  reservoir  is  in  good 
condition,  with  only  minor  cracking  in  the 
brick  work.  The  three  hand-operated  sluice 
gates  are  reportedly  in  good  operating  con¬ 
dition.  The  screened  intake  is  kept  clear 
at  all  times. 

The  service  bridge  to  the  gate  house  is  in 
fair  condition.  The  granite  abutments  and 
steel  girders  are  in  good  condition,  but  the 
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bearings  are  badly  rusted  on  the  bridge,  and 
the  expansion  Joints  at  the  dam  side  of  the 
bridge  are  missing.  The  concrete  slab  at  the 
approach  to  the  bridge  shows  minor  cracks. 

The  exterior  of  the  lower  gate  house  is 
fairly  well  maintained,  although  the  steps  at 
the  entrance  are  generally  overgrown  with 
weeds.  The  interior  was  not  inspected. 

d.  Reservoir  Area.  Since  Holden  Reservoir  No.  2 
is  used  for  a  public  drinking  water  supply, 
development  near  the  reservoir  is  prohibited 
by  the  City  of  Worcester.  A  private  camp  is 
located  on  the  far  side  of  the  hill  just  east 
of  the  reservoir,  but  outside  the  drainage 
area.  There  are  no  residences  on  Reservoir 
Road,  which  is  the  only  other  road  near 
Holden  Reservoir  No.  2. 

e.  Downstream  Channel.  The  channel  passes 
through  an  overgrown,  wooded  area  until  it 
reaches  a  clearing  and  diversion  pond.  This 
is  in  the  area  of  the  chlorinators  and  pump¬ 
ing  station  operated  by  the  City  of 
Worcester.  After  that,  the  stream  joins 
Tatnuck  Brook,  about  1,700  feet  below  the 
dam,  and  it  continues  through  sparsely  devel¬ 
oped  woodland  to  Cook  Pond,  in  Worcester. 

3.2  Evaluation.  The  dam  at  Holden  Reservoir  No.  2 
appears  to  be  in  good  condition.  The  slightly 
deteriorating  state  of  the  spillway  channel  and 
side  walls  indicates  that  this  area  requires  more 
adequate  maintainance .  Recommended  measures  to 
improve  these  conditions  are  stated  in  Section 
7.3. 
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SECTION  4 

OPERATING  PROCEDURES 


4.1  Procedures .  The  storage  in  Holden  Reservoir  No. 

2  is  carefully  controlled  by  the  Department  of 
Public  Works  as  it  is  a  significant  element  in 
the  public  water  supply  system  for  the  City  of 
Worcester.  Water  leaving  this  reservoir,  either 
by  gravity  or  pumping,  passes  through  the  chlor¬ 
ination  building  before  entering  the  City  distri¬ 
bution  system. 

Daily  records  of  operating  procedures  are  main¬ 
tained  by  the  Worcester  Department  of  Public 
Works. 

4.2  Maintenance  of  Dam.  The  Supervisor  of  Water 
Supply  for  the  Worcester  Department  of  Public 
Works  retains  a  permanent  staff  for  routine  main¬ 
tenance  of  the  dam  and  related  facilities.  The 
work  generally  consists  of  mowing  the  grass  on 
the  dam,  removing  brush  and  debris  from  fire- 
lanes,  brooks,  and  the  spillway  channel,  and 
clearing  dead  wood  from  the  watershed  area. 

4.3  Maintenance  of  Operating  Facilities.  The  screens 
at  the  gate  house  are  checked  daily  and  cleaned 
as  necessary. 

4.4  Description  of  Any  Warning  System  in  Effect, 
there  are  no  warning  systems  in  effect  at  this 
dam.  The  Supervisor  does  not  recall  any  occasion 
when  the  low-level  outlet  at  the  dam  was  opened 
in  advance  of  a  storm  warning.  The  water  level 
in  the  reservoir  is  carefully  regulated  daily. 

4.5  Evaluation.  An  effective  operating  program  has 
been  developed  to  ensure  a  constant  supply  of 
water  to  the  City  of  Worcester.  Maintenance  of 
the  dam  and  watershed  is  regularly  scheduled,  how¬ 
ever,  more  attention  should  be  paid  to  the  main¬ 
tenance  of  appurtenances  -  particularly  the 
spillway.  In  addition,  the  need  for  an  emergency 
warning  procedure  is  evident,  considering  that 
the  dam  is  in  the  "significant”  hazard  category. 
Recommendations  for  a  more  thorough  maintenance 
program  and  a  warning  system  are  included  in 
Section  7.3. 
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SECTION  5 

HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 

a.  Design  Data.  The  probable  maximum  flood 
(PMF;  rate  was  determined  to  be  1,900  cfs  per 
square  mile.  This  calculation  is  based  on  an 
average  drainage  area  slope  of  6.0  percent, 
the  pond-plus-swamp  area  to  drainage  area 
ratio  of  6.6  percent  (reflecting  Holden 
Reservoir  No.  1),  and  the  U.S.  Army  Corps  of 
Engineers’  Flow  Rates  (dated  December  1977). 
Applying  one-half  the  PMF  rate  to  the  5.09 
square  miles  of  drainage  area  results  in  a 
calculated  peak  flood  flow  of  4,900  cfs  as 
the  inflow  test  flood.  By  adjusting  the 
inflow  test  flood  for  surcharge  storage,  the 
maximum  discharge  rate  was  established  as 
4,220  cfs  (829  cfs  per  square  mile)  with  the 
water  surface  at  El  725.2. 

During  peak  outflow,  approximately  1,800  cfs 
would  pass  over  the  crest  of  the  dam,  with  a 
maximum  velocity  of  about  5  feet  per  second 
and  a  depth  of  0.8  feet  under  critical  flow 
conditions.  The  spillway  has  the  capacity  to 
discharge  1,830  cfs  with  the  reservoir 
surface  at  El  724,  which  is  the  elevation  of 
the  crest  of  the  dam.  This  discharge  rate  is 
equivalent  to  43  percent  of  the  test  outflow. 

b.  Experience  Data.  The  daily  operating  records 
for  the  1938  and  1955  floods  were  reviewed  at 
the  Department  of  Public  Works  office.  These 
indicated  that  the  dam  was  not  overtopped  in 
either  storm. 

c.  Visual  Observations.  At  the  time  of  the  in- 
spection  the  water  level  was  1.3  feet  below 
the  crest  of  the  spillway,  and  there  were  no 
flashboards  In  place.  The  minor  amounts  of 
debris  in  the  spillway  channel  should  be 
removed.  The  concrete  slabs  lining  the  floor 
of  the  channel  are  slightly  dislocated  and 
appear  to  be  undermined  in  areas. 
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d.  Overtopping  Potential .  The  hydraulic  compu¬ 
tations  indicate  that  the  dam  would  be  over¬ 
topped  during  the  peak  test  flood.  The  depth 
above  the  minimum  crest  elevation  would  be 
l.k  feet,  with  a  unit  flow  of  ^.2  cfs  per 
foot. 

If  the  dam  failed,  the  initial  outflow  would 
be  up  to  20,000  cfs,  producing  an  initial 
wave  height  of  8.5  feet  at  a  velocity  of  9 
feet  per  second  at  a  location  2,000  feet  down¬ 
stream  from  the  dam.  In  the  event  of 
complete  failure,  the  reservoir  could  drain 
in  1.3  hours. 

Failure  of  the  dam  would  result  in  flooding 
in  the  Tatnuck  Brook  valley,  which  is  mostly 
woodland.  There  are  two  nearby  residences  on 
Olean  Street  located  adjacent  to  Tatnuck 
Brook  about  2,600  feet  downstream  from  the 
dam.  The  damage  by  a  flood  wave  would  affect 
no  more  than  these  two  residences. 
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SECTION  6 
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STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  The  evaluation  of  the 
stability  of  Holden  Reservoir  No.  2  Is  based 
on  the  visual  inspection  conducted  on 
September  13*  1978,  and  on  a  review  of  the 
available  drawings  and  operating  records.  As 
discussed  In  Section  3,  Visual  Inspection, 
the  embankment  appears  to  be  in  good  condi¬ 
tion.  However,  the  significant  number  of 
animal  burrows  on  the  downstream  slope 
require  attention. 

b.  Design  and  Construction  Data.  The  available 
drawings,  included  in  Appendix  B,  indicate  a 
core  wall  extending  the  length  of  the  dam. 

The  core  wall  extends  at  least  5  feet  into 
ledge,  and  up  to  16  feet  in  the  vicinity  of 
the  outlet  conduits.  The  cross-hatched 
pattern  on  the  plans  suggests  a  rubble 
masonry  core,  presumably  grouted.  The  core 
was  backfilled  on  either  side  with  puddled 
material  and  then  covered  with  some  other 
unidentified  "selected”  material  on  the 
upstream  and  downstream  slopes.  There  is  no 
other  information  available  on  the  type, 
shear  strength,  and  permeability  of  the  soil 
and/or  rock  materials  of  the  embankment. 

c.  Operating  Records.  There  is  no  evidence  that 
instrumentation  of  any  type  was  ever 
installed  in  Holden  Reservoir  No.  2  Dam.  The 
performance  of  this  dam  under  prior  loading 
can  only  be  inferred  by  physical  evidence  at 
the  site. 

d.  Post-Construction  Changes.  There  are  no  as- 
built  drawings  available  for  Holden  Reservoir 
No .  2  Dam . 

e.  Seismic  Stability.  The  dam  is  located  in 
Seismic  2one  No.  2  and  in  accordance  with 
Phase  I  "Recommended  Guidelines"  does  not 
warrant  seismic  analyses. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS, 
AND  REMEDIAL  MEASURES 

7.1  Dam  Assessment 


a.  Condition.  Based  upon  a  review  of  available 
drawings,  the  visual  Inspection  at  the  site, 
and  a  review  of  the  maintenance  and  operating 
procedures,  minor  deficiencies  in  the  dam 
should  be  corrected  to  assure  the  continued 
performance  of  the  dam  at  Holden  Reservoir 
No.  2.  Generally,  the  dam  is  considered  to 
be  in  good  condition.  However,  several  signs 
of  distress  were  noted  at  the  site:  cracked 
and  missing  mortar  in  the  walls  of  the  spill¬ 
way  channel;  settlement  cracks  and  slumping 
in  the  grouted  riprap  in  the  area  of  the  gate 
house;  the  significant  anount  of  efflores¬ 
cence  in  the  walls  and  in  the  stone  bridge 
over  the  spillway;  deteriorating  granite  and 
concrete  patchwork  on  the  ogee  weir;  slight 
erosion  of  the  earth  slopes  at  the  bridge 
abutments;  dense  vegetation  in  the  downstream 
channel;  and  innumerable  animal  burrows  In 
the  downstream  slope  of  the  dam. 

Hydraulic  analyses  Indicate  that  the  spillway 
can  discharge  a  flow  of  1,830  cfs  when  the 
reservoir  is  at  El  724.0,  which  is  the 
average  elevation  of  the  crest  of  the  dam. 
This  flow  rate  is  only  43  percent  of  the  test 
outflow.  An  outflow  test  flood  of  4,220  cfs 
(one-half  the  probable  maximum  flood)  will 
overtop  the  lowest  point  on  the  dam  crest  by 
1.4  feet. 

b.  Adequacy.  The  lack  of  in-depth  engineering 
data  did  not  allow  for  a  definitive  review. 
Therefore  the  adequacy  of  this  dam  could  not 
be  assessed  from  the  standpoint  of  reviewing 
design  and  construction  data,  but  is  based 
primarily  on  visual  Inspection,  past  perfor¬ 
mance  history  and  engineering  judgment. 

c.  Urgency.  The  recommendations  and  remedial 
measures  outlined  below  should  be  implemented 
by  the  Owner  within  two  years  after  receipt 
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of  this  Phase  I  Inspection  Report.  However, 
repair  of  the  training  walls  and  floor  of  the 
spillway  should  be  undertaken  within  one 
year. 

d.  Need  for  Additional  Investigations.  Addi- 
tional  investigations  to  further  assess  the 
adequacy  of  the  dam  are  outlined  below  in 
Section  7.2,  Recommendations . 

7.2  Recommendations .  In  view  of  the  concerns  over 

the  continued  performance  of  the  dam  it  is  recom¬ 
mended  that  the  Owner  employ  a  qualified  consul¬ 
tant: 

a.  to  conduct  a  more  detailed  hydrologic  and 
hydraulic  investigation  at  the  site; 

b  to  design  repairs  for  the  spillway  and 
training  walls. 

The  recommendations  on  repairs  and  maintenance 
procedures  are  outlined  below  under  Section  7.3, 
Remedial  Measures. 


7 . 3  Remedial  Measures 

a.  Operating  and  Maintenance  Procedures.  The 
grounds  and  embankment  of  the  dam  are  well 
maintained.  However,  it  is  recommended  that 
the  Owner  add  the  following  items  to  the 
maintenance  program: 

(1)  repair  the  stone  masonry  side  walls  to 
the  spillway,  and  resurface  the  floor  of 
the  channel 

(2)  repair  the  stone  work  on  the  bridge 
spanning  the  spillway 

(3)  repair  or  replace  the  granite  weir  on 
the  spillway 

(4)  clear  the  accumulated  soil  and  rock  from 
the  stilling  basin 

(5)  fill  in  the  animal  burrows  on  the  down¬ 
stream  face  of  the  dam 

(6)  clear  the  bushes  and  weeds  from  the  down¬ 
stream  channel 
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(7)  all  repairs  and  maintenance  should  be 
undertaken  in  accordance  with  all  applic¬ 
able  State  regulations, 

(8)  institute  a  definite  plan  for  surveil¬ 
lance  and  a  warning  system  during 
periods  of  unusually  heavy  rains  and/or 
runoff, 

(9)  technical  inspections  of  this  dam  should 
be  conducted  on  an  bi-annual  basis. 

7.4  Alternatives .  An  alternative  to  implementing  the 
recommendations  and  the  maintenance  procedures 
itemized  above  would  be  to  lower  the  reservoir. 


HOLDEN  RESERVOIR  NO.  2  DAM 


PERIODIC  INSPECTION 

PARTY 

ORGANIZATION 

PROJECT  Holder)  No  JL 

DATE 

Qhshs 

TIMF 

9>  oO  a.m. 

WEATHER  S^nriLj  (qQ°  F 

W.S. 

ELEV.  7«?.7  U.S.— 

PARTY : 

6eeiChmc,rlc  e\coo.hrr)  US  0 

e^tr<.bl)Shed  at  j  c-re: 

I.  &i\  Crrecc 

6. 

uc  nerce 


Lu  le  Bt'onaaan 


Born 


PROJECT  FEATURE 

m 


INSPECTED  EY 

€.  O’reeols  fierce. 


REMARK 


3 


A Jcte  dls  -  cloonsrrfam  ■ 


AREA  EVALUATED 


DAM  EMBANKMENT 


Crest  Elevation 


Current  Pool  Elevation 


Maximum  Impoundment  to  Date 


Surface  Cracks 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at 
Concrete  Structures 


Indications  of  Movement  of 
Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Rock  Slope  Protection  -  Riprap 
Failures 


Unusual  Movement  or  Cracking  at 
or  near  Toes 


Unusual  Embankment  or  Downstream 
Seepage 


Piping  or  Boils 


Foundation  Drainage  Features 


Toe  Drains 


Instrumental  ion  System 


CONDITIONS 


V£kid>  7A2.S  on  upstream  sAc^  tz> 
73.4-.  ‘X  on  Ao\un  stream  side 


v  v\> 

L  .  •  .  ^  »  •  -  a  •  %  ** 


S  • 


grass  on  ore  si 


reicrfirciy  -flat _ 

no  apparent  movement 
relatively  -flat 


relatively  straight 


root.  &t  right  abutment 


bnAg-c  and  Sp.llvay  at  left  abutment 


nose  -  Sitep*  leach  ry  tb  inlet  ^  S ' 

Structure  m  good  emcttion 


moused  grass  <m  dls  slopes 


grouted  riprap  on  u Is  taee  s ^  r.pmp 
iriSSmj'  weeds;  s  c  mot  y  ,  sctfiwW 

of  a  at  tor idac  abutment 


none  vi&ibic 


•r  ” 


V  V 


u 

li 


. CONDITION 

6rret-  superstructure  -  grand*. 

**.  •*.  **.  * 

*  *,«  *  •  *.» 

•foundatifn  iXtolli 

good 

PERIODIC  INSPECTION  CHECK  LIST 

PROJECT  Holden  *2 _  DATE  ^li  3 1 78 _ 

PROJECT  FEATURE  OoMef  Mjprfcs  - house  NAME  D.  Sornsftxn _ 

DISCIPLINE  siw^cfurzi)  j hyirau.U'l _  NAME  I—  Srpna^gn _ 


AREA  EVALUATED 


CUTLET  WORKS  -  CONTROL  TOWER 


Concrete  and  Structural 


eneral  Condition 


Condition  Joints 


Spalling 


Visible  Reinforcing 


Rusting  or  Staining  of 
Concrete 


Any  Seepage  or  Efflorescence 


Joint  Alignment 


Unusual  Seepage  or  Leaks  in  none 
Gate 

minor  Granting  in  Oriety  hairline  exacts 
i h  b as<  of  br'icbs 


E 


PROJECT  14 olden  *2. 
PROJECT  FEATURE  bddt 


PERIODIC  INSPECTION  CHECK  LIST 

_  DATE  9-13-7&' 

e  to  Gate.  noose  NAME  E>  bornsifan 


t  ....  • 


DISCIPLINE  STruaTUraJ 


AREA  EVALUATED 


OUTLET  WORKS  -  SERVICE  BRIDGE 


Super  Structure 


Bearings 


Anchor  Bolts 


Bridge  Seat 


Longitudinal  Members 


Under  Side  of  Deck 


Secondary  Bracing 


Drainage  System 


Railings 


Expansion  Joints 


Abutment  and  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridge 


Condition  of  Seat  and 
Backwall 


NAME _ 


CONDITION 


5 mgU.  a>ccd  plonlc  dec.e 

built  00  steel  Ciren1') 

g  \rcXcrs. _ 

bad,  It)  rusted 


ties  mYo  granite  fc>l Oct  at  mtate 
S  tYuC-IUrC. _ 

rruSSint)  Cpossdoicj  sheet  lead) 
stee  I  gmders 

u oood  dec  tc  -  good  Ccme\,hnr> 
angle  irons 

wood  plants- good  candahm 


none 


I  Sf  '  inch  -  b  iC)h  p‘pe  rUihngS 


(Tii sSiag  &nd  r usfd  aoJ~  j  darn  s.de 


*  • 


.  Y-  v 

.-'.•■".'-■-•-yv 

.-Y-Y-Y-O-Y, 

.-•y-yy--^ 

Y-YY-YY 


L-  - 


•  .  •  •  i 

*>  >  *,*  • .« 


G>rZ\n \\e  abutments _  'Y'v-Yv^V- 

no  concrete  -  granite  in  go cd  Omd ihec  ./.‘/.'•  ..•V'1, 
- - - 

Slight-  misalignment-  ,r>  bruxL  {  9 


OjOVC rthc,  slab  y  minor  CM ietL 


granite  wal good  cmdi  t)m 


page  ft-Sof £ 


PERIODIC  INSPECTION  CHECK  LIST 


project  Ho\den  ^  A 
PROJECT  FEATURE  Lou& 
DISCIPLINE  stVUkfUml 


(State  House 
budrauhd 


DATE 


NAME 


NAME 


shii  7  % 
b  Bxynskrtn 
L~.  &fZXiOCuictn 


AREA  EVALUATED 


OUTLET  WORKS  -  OUTLET  STRUCTURE 


AND  OUTLET  CHANNEL 


Condition  of  Concrete 


Rust  or  Stainin 


Spalling 


Erosion  or  Cavitation 


Visible  Reinforcing _ 

Any  Seepage  or  Efflorescence 


Condition  at  Joints 


Drain  Holes 


Loose  Rock  or  Trees  Over 
hanging  Channel 


4C -inch  diS charge,  te  Ohl^neihv' 

30'i<Kb  discncrges  to  say 


lut'iL+n 


PROJECT  HolcUrs  * 


PROJECT  FEATURE  <5p>llu>cui _ 

DISCIPLINE  hudraal'o  I  Sfroittur-gl 


PERIODIC  INSPECTION  CHECK  LIST 
_  DATE  ^3/ 


Itocuj _  NAME  L.  6>fC*r\a^gn 

I  Sfruttur-gtl  NAME  b  ■  Bomstem 


_ AREA  EVALUATED _ 

OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 


General  Condition 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Approach  Channel 


b.  Weir  and  Training  Walls 

General  Condition  of 
Concrete 

Rust  or  Staining 


Spalling 


Any  Visible  Reinforcing 


Any  Seepage  or  Efflorescence 


Drain  Holes 


c.  Discharge  Channel 


General  Condition 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Channel 


CONDITION 


’Store,  masonry  training  wo.  1  Ls 
stone  -  paved  chenneJ.  C  finales 
scl~  perf>(nd  ‘Cn Iqs  tv  bedding 
$<vu.te<l)  OffriQixtc  •s!ab  on  approach 


none 


none 


stone  and  concrete 


efH  ore  sconce  loose  stone  uri a  n*on*rr  m  ujn/& 


y'.v y.v \n 


"  «  •  a  *  «,  *  «  *  » 

»W %"  « *  V  • 
«*  •  * . *  *••*«*.« 


■C 


/  u*.  *.•  .  •  »,*  *.*  •, 

gramte  flyf  w .-Hi  emertte  pale h 

Concrete  -patPH  «-»  uiftr  is  loose. 

1  ,»  *.*•  '!•  V«* 

:*•  ;vv: 


rust  hom  4-lash  board  p,ns 


patch  on  ojc>k  is  spalled 


■r.  . »' 

mi 


none 

s>gni boant  e-f-flo  re  scene  e 

U— 

-  -  -  -J  e. 

-few  pfres  Or  slab  ttnsSiry 


Other  Obstructions 


none. 


OuMtf  LOcrfs,  (cxn hnaed ) 


d.  bfidyt  eves'  discharge  Chcinne\  -  dfiub^  a<ch  nvxsorny  bridge 
diA^t/ncil  sJiCrti"  cmeti  cvt"  a  **.*.*■  cnen1~ 

Statement  at"  cent* v  p,<rv 

hcnty  e^or 'e^cecce.  und*r  bridge  ;  r>*ytar  OVcSSii^ 

C*ifu)a.il  uls  -displaced 

dU  -  partially  Kni£S»rjj 

€  e^>illw)ag  channel  -  d^sceods  to  sfilhnj  paal 

ftcoumulafeoh  o-f  d^t  A/>d  stoic  10  paal 

CflSCadt  sf«p  uvei r  4rgrr\  snil >nj  pool 

30-tnch  pipe,  cf/s  of  Cascade  stilling  poo\  J'r<ght'  *,eie 

loose  stones  ,n  laoe^  channel 

cj<T>x\ed  stone  loo- I*  -foe  70  feet 

Clnang^s.  to  natural  channel  except  nr*  r^hh 

Side  u?hich  is  stjrjc  mcuenry  Uuoil 
frees  CijCr-hcmg ing  laves-  Channel. 

*  b-iocb  cast 'i<pn  p*pe  in  stilling  pool  caiOAde  face . 


I?-#  6 


wrjjg-r  '»;r  —yp^  «**jW5W  -• 


v  v  v  v  *>••■ 

*  X*.  .>>r»v* : 

»»/*  •"*  »‘* •«'*  * 

-  •  * 

*  •  •••»*,*■*»-  *» 


,%  .Jr* 


pi. 

-\A -•'.•■ 

t  •  •- 


.;.v 


.v.v.v 


i %  ' 

-  V  V  ’>V  *. 

y*— *■■■!*  — *  ■ 

%-*  '*r 


■\j\  .\V.\ 

,*  W  ‘.  V 
* v  S*r V*  »“ 


.•.^.V.V';.V.V 
.  • .  ♦_ • . * .»_•»« 


•  -  •.*  •;  •.:  *;.  %*>•.* 

■•^■;^«i.:i..ViiliAi 


<  .**  •%>'-Vvv' 


It  ill  "I  Ml 


%-*  !-*v*'v?  n'wn*  <: 
v  -.\v  >  N**-  .y 


APPENDIX  B 


PLAN  OF  DAM  AND  PREVIOUS 
INSPECTION  REPORTS 


Figures  B-l,  B-2,  and  B-3. 

Plans  of  Dam,  dated  May  8,  1900 

Previous  Inspections  (Partial  Listing) 

Inspection  Reports  by  Massachusetts  Department 
of  Public  Works,  May  21,  1973 


HOLDEN  RESERVOIR  NO. 


Page 

B-l 

B-4 

B-6 


2  DAM 


scau:  in  mrr 

^  HI  DENOTES  NUMBER  AND  ORIENTATION  Of 
PHOTOGRAPHS. 


•DtJAILS 


rim± 


24 .0  "13.3 


O  u  ^ 
*  *  < 

3  O  » 

2  °.  « 
O 

”  5 
> 
c 
u 
<0 
111 
c 


*4 

v5* 

vil 

ii 

Wo 


6  K  1  ft 
ill- 3 }i  ill 

c  °  j*  _,  5  .5*5 

5  ^  ^  O  —  -  OC 

*  "o-*  1-  o  =  o 

9  !  £  ,  i  ?  o  !  -g 

s  a  ?l  * !  t?  V  ? 

z  _i?-2Q.wsez  _i 


S  " 

5 1 

*  t  3 
£  -5 

o  « 

*  *  t 

O  8 

S  « 

a  a  • 

*  i  f 


1  1  >tf . 

?!  lijr 

:  K« 

:  i 

}'  i  N  .  ^ 

L  M<> 

2  1  •  ,  ^ 
K  5.»  1  ^ 

*  £*  * 

s  ***** 

A 

^ 

f,  V  . 

S  £V“* 

.j  .  ^ 

;  f  U  >  ' 

■i  'll 


^  5 

^'5  s 

*vi  U  * 

328  8 


>&■ 

•‘‘V 

c 


ae  z 
O  O  i 


I*  ' 


:l?f 


*  8*  «•  *  J 

<■■5  i.s 

“FjH 

>D  ^  p  »  -t 

O  *  * 

Is*  iiift 

V*  ,  O  V  ^  ' 


s  8X^  *«■ 

;  j  V*  ^ 

1?)-  { 

{ 

I  ||2^f 


Elf 

o  o  *  J 


tie  «S-'5  2  -  J  I  1 

s  SE^«3eaf  »S 

I  ,  t  5  t  *  I  !  *  *  8 

i  I  I  s  s  H  I  I , 


|  "8  *§  -S*  *g 

4  M  O  D  2 

O  3  .o  5  O 

M.  «•  JZ  c  ? 


£l|$ 


wig 


■bw.^Tuw.  1A 


INSPECTION  REPORT  -  DAtiS  AS!D  RESulVOIRS 

ty/Town  ///!  /d C  /J _ ___  Dam  N o .  2_ 


1*  Location*  City/Town  C  A ) 

Name  of  Dam  Ht  U?//  £<=>&,  -tf'  , 


2,  Owner/a t  per*  Assessors  _____ 
Reg.  of  Deeds 

1  .£jry kJ>Af  Fn 

Name  St.  &  No. 


!  -  Inspected  b v 7^5^ 

Date  of  InanectioC  <3  /2-^ 

___  Prev.  Inspection 


________  Pers.  Contact  a-*'**' 

‘J s  '7  //c£/2sfr/i  ry 

~~  City/Town  S.tate  Tel.  No.  i 


•  V- ,\\o  •,*  .J 


St •  &  Ho* 


City/Town  State  Tel,  No. 


St.  &  No* 


City/ Town  State  Tel.  No.~ 


3.  Caretaker  (if  any)  e.g.  superintendent,  plant  manager,  appointed 
by  absentee  owner,  appointed  by  multi  owners. 


Name!  St.  &  No. t 

City/Towni  State! 

4.  No,  of  Pictures  tak _ _ 


Tel, Ho. i 


5.  Degree  of  Hazard!  (if  dam  should  fail  completely)* 


1.  Minor  _ 
3.  Severe 


2.  Moderate 
4.  Disastrous 


*  This  rating  may  change  as  land  use  changes  (future  development) 


6.  Outlet  Control!  Automatic 

Operative 


Manual 


cr TflXjff**  ^l/e/  4  sr' f/uJAy  «*rxo//U 


7.  Upstream  Face  of  Dami  Condition! 

1.  Good  LP 


2.  Minor  Repairs 


3,  Major  Repairs  ____  4.  Urgent  Repairs 


■y ***""" ,  Cor* f/ot^ly  cfe/lK.  sfCKusl,  on.  e/-J,e.n 
'  oto  .  <£oaj p (r/ orj  f— 


T  v,  --  fj 


.  »V. ***•■_“  .  _•».* 

y.v , 


-g  •  t 


A  *“«  * ,  f 


•  •  • 


I _ •  •  • 


•  •  ’  V.-  •  • 


'■.■•'AXV.-. Vv'.'-  --.  .V.  .-.- •  . 

• .  «\v  ■;.>  v  \*  '  •  •  -  • 

*  *,*•  ^  •  .*«  •.  *,*  -  '  .  »  ,  *  _  V  «*t  V  \»  *( 


DA.U 


8*  Downstream  Face  of  Dams  _ _ — 

Conditions  1.  Good 

3.  Major  Repairs 


2.  Minor  Repairs  _ 
4.  Urgent  Repairs 


Commentss  &  P  j& /?U$  ^  %-  "ff\ 


9.  Emergency  Spillways 
Conditions  1*  Good  . 


2.  Minor  Repairs 


3#  Major  Repairs  __ __  4,  Urgent  Repairs  . 
Commentss  'S/^1 / f Y  ftp ft A-  S 

'Tb  jse.  ftytfp/e, 

10.  Water  Level  at  time  of  inspections  3-  _  ft.  above,  &f^T~be  low 

top  of  dam  principal  spillway  f- 

other  . . . 

11.  Summary  of  Deficiencies  Noteds 


ummary  os  ueucienciet  no»u>  . 

Growth  (Trees  and  Brush)  on  Embankment  '■  & 
Animal  Burrows  and  Washouts 

Damage  to  slopes  or  top  of  d a m  ./ J'7' Pft . 

Cracked  or  Damaged  Masonry  /P? — ' 

Evidence  of  Seepage  A/r'K  ^ ft  1  _ 

Evidence  of-.  Piping  ApX  ft  _  ''V  '  ~~  ■  • 


Erosion 


ofy  Piping 

K/f  v  ft 


Trash  and/or  debis  impeding  flow 
Clogged  or  blocked  spillway 


-3- 


DAH  NO. *S~~/ "Q 


12*  Remarks  &  Recommendations*  (Fully  Explain) 

Tk  ajs  dflfy  )s  I/O  C-<2~/)e/jT  &oaJ p  {T/oaJ  b' 

^  ^e// MftrAST/*i/Jd.p>  i>y  flte  C/Ty  o~P  lOoRozStef. 
JV  as  i/O  /J/Lzd--  -e-P  /Jo  R£-p#/RS  T 


13. 


Overall  Condition* 

1.  Safe 


2.  Minor  repairs 

3.  Conditionally 

4.  Unsafe  _ 


needed  _________________ 

safe  -  major  repairs  needed 


5.  Reservoir  impoundment  no  longer  exists  (explain) 
Recommend  removal  from  inspection  list  __________ 


DESCRIPTION  OF  DAM 


Submitted  by  rVC  & _ 

D.t.  rf~A?  /7 3 

1*  Locationi  Topo  Sheet  No, 


Dam  No. 


DISTRICT  — 


■/Town 


Name  of  Dam, 


Provide  Bj-"  x  11“  in  clear  copy  of  topo  map  with  location  of 
Dam  clearly  indicated. 


2.  Year  builti 


Year/s  of  subsequent  repairs 


3.  Purpose  of  Dams  Water  Supply 


Irrigation 
4*  Drainage  Area*  .  //•* 
5.  Normal  Ponding  Areat 


Impoundment* 


Recreational 
Other  _ 


sq.  mi.  .. 

__ acres;  Ave.  depth 
_ gals.;  _ __ ______ 


acre  ft 


6.  No*  and  type  of  dwellings  located  adjacent  to  pond  or  reservoir 

//*  \-  g-- _  l.e.  summer  homes,  etc.  _ 

.  / 

7.  D  4mA  nei  nn«  Dami  Lermth  0  Max.  Height  ■ — 


7*  Dimensions  of  Dam»  Length  £-3  0 
Slopes*  Upstream  Face  ^ 

Dov/nstream  Face  2  ,  J- 
VJldth  across  top  2  2  ^ 
8*  Classification  of  Dam  by  Material* 


Earth  J 
Timber 


Cone.  Masonry 


Rockfill 


Stone  Masonry 
Other  _ 


9*  A.  Description  of  present  land  usage  downstream  of  dam: 


rural; 


m%  urban. 


B*  Is  there  a  storage  area  or  flood  plain  downstream  of  dam  which 
could  accomodate  the  impoundment  in  the'  event  of  a  complete 
dam  failure?  yes  _  no  ****^  . 


vy.v>> 


NO.  1  DOWNSTREAM  FACE  OF  DAM 


NO.  2  GATE  HOUSE 


NO.  3  UPSTREAM  VIEW  OF  SPILLWAY,  FROM 
LEFT  ABUTMENT 


NO.  4  LEFT  WING  WALL  OF  SPILLWAY 


NO.  5  GRANITE  WEIR  AND  FLOOR  OF  SPILLWAY 


NO.  6  BRIDGE  OYER  SPILLWAY  CHANNEL; 
VIEW  TOWARD  RIGHT  ABUTMENT 


NO.  8  DOWNSTREAM  CHANNEL  OF  SPILLWAY 
AND  STILLING  BASIN 


METCALF  *  EDDY,  engineers 
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REMARKS 


